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Four plant functional types (PFTs) were used to compare the vegetation structure of an alien-invaded Acacia nilotica savanna with one of
negligible invasions. Heights, canopy covers and species richness of three native PFTs (woody plants, grasses and herbs) and one alien PFT
(woody plants) were measured in 14, 1-m2 quadrats sampled in a stratified-random pattern in a 400-m2 plot demarcated in each savanna. In the
uninvaded plot, mean heights of native PFTs were stratified. In the invaded plot, the mean height of aliens extended into the native woody stratum
with the lower range of native woody PFT heights reduced to the grass stratum. Discriminant analysis of canopy covers and species richness of the
four PFTs revealed significant differences in composition between plots with the alien PFT being the most important variable correlated with these
differences. Univariate analysis confirmed the dominance of alien woody plants in the invaded plot but also showed significant reductions in the
canopy covers and species richness of native herbs and grasses compared to those in the uninvaded plot. These results suggest that PFTs can
rapidly measure small-scale, spatial differences in the physiognomy, composition and species richness of A. nilotica savannas when invaded by
alien woody plants.
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Savanna is the most extensive biome in Africa (Scholes and
Walker, 1993) but the impact of invasive alien plants on its
native biota remains poorly understood (Richardson and Van
Wilgen, 2004). Globally, invasions by alien organisms have
been documented to change community composition by
impacting negatively on one or more native species or
eliminating entire assemblages of native species (Lockwood
et al., 2007). In plant communities such drastic alterations are
caused mainly by introductions of invasive alien pathogens,
herbivores and predators (Rejmánek et al., 2005; Lockwood
et al., 2007). However, evidence for the impact of invasive
alien plants on native plant composition and diversity remains
equivocal with impacts dependent on the scale of measurement
(Fridley et al., 2004) as well as the use of species, genera or
families as biological units to determine community change
(Richardson and Van Wilgen, 2004; Rejmánek et al., 2005).
Plant families tend to convey little ecological information atE-mail address: smithf@ukzn.ac.za.
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(Scholes et al., 1997), and the same applies at the community
level where plant species within a family (e.g. Asteraceae and
Fabaceae) often comprise both woody and herbaceous plants
(Table 1). In savannas, it can be additionally problematic to
sample adequately and rapidly the abundances of woody
species whose individuals are scattered or clumped within the
larger community (Lubke et al., 1976).
A plant functional type (PFT) is a grouping of plant species
that share certain morphological and functional characteristics
(Van der Maarel, 2005). Life forms underpin most classifica-
tions of PFTs in which forms are linked with adaptations to
certain environmental conditions (Mueller-Dombois and Ellen-
berg, 1974; Van der Maarel, 2005). In African savannas, the
PFT is defined as a grouping of plants that fall within defined
ranges of size, longevity, reproduction, phenology, resource
acquisition and herbivore interaction (Scholes et al., 1997).
Recently, Mason et al. (2009) used a range of native plant
functional groups, analogous to PFTs, to examine the effects of
grass and woody invaders on native species richness in a variety
of vegetation biomes.ts reserved.
Table 1
Classification of plant species in an Acacia nilotica savanna into four plant
functional types (PFTs) based on taxonomic descriptions provided by Gibbs
Russell et al. (1990), Pooley (1993, 1998) and Coates Palgrave (2005). Species
nomenclature follows Germishuizen and Meyer (2003).
PFT Species Family
Native herb Senecio erubescens Asteraceae
Vernonia capensis Asteraceae
Scabiosa columbaria Dipsacaceae
Abrus precatorius Fabaceae
Rhynchosia cooperi Fabaceae
Hypoxis hemerocallidea Hypoxidaceae
Stachys natalensis Lamiaceae
Polygala hottentotta Polygalaceae
Native grass Aristida junciformis Poaceae
Cymbopogon excavatus Poaceae
Eragrostis curvula Poaceae
Melinis nerviglumis Poaceae
Perotis patens Poaceae
Tragus berteronianus Poaceae
Native woody Rhus gueinzii Anacardiaceae
Aloe maculata Asphodelaceae
Chrysanthemoides monilifera Asteraceae
Gymnosporia senegalensis Celastraceae
Dichrostachys cinerea Fabaceae
Acacia nilotica Fabaceae
Alien woody Chromolaena odorata Asteraceae
Melia azedarach Meliaceae
Lantana camara Verbenaceae
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are among the more successful invaders of southern African
savannas and KwaZulu-Natal Coastal Belt vegetation (Macdo-
nald, 1983; Henderson and Wells, 1986; Mucina and Rutherford,
2006). Introduced from South America and Asia, these species
have invaded savannas in response to some biotic and/or physical
disturbance. Once established, they grow rapidly, produce lots of
seeds, disperse widely and recover vegetatively after fire
(Macdonald, 1983; Brown and Gubb, 1986; Dean et al., 1986;
Knight, 1986; Kruger et al., 1986; Rejmánek et al., 2005).
Extensive invasion of these species into Acacia nilotica savanna
has occurred in the KwaZulu-Natal Coastal Belt with the
withdrawal of fire (personal observation). However, attempts to
quantify rapidly the differences in savanna structure associated
with these alien invasions have been largely unsuccessful when
using species as the biological unit of measurement (unpublished
data). In these earlier surveys, most grass species tended to be
adequately represented in nested quadrats (1 to 4 m2) while most
herb and woody species were either scattered or aggregated in
distribution. To overcome these problems of low densities and
clumped distributions of species, I tested the usefulness of PFTs in
detecting small-scale, spatial differences in vegetation structure
between an alien-invaded and an uninvaded A. nilotica savanna.2. Materials and methods
2.1. Study area
The study was conducted in A. nilotica savanna located at
29° 49′ S and 30° 57′ E in the KwaZulu-Natal Coastal Belt ofvegetation occurring along the south-eastern coast of SouthAfrica
(Mucina and Rutherford, 2006). This vegetation is found on the
crests and middle slopes of old dunes on Fernwood soils which
are composed of an orthic A-horizon overlying regic sand, and
underlain by a mixture of sandstone, tillite, shale and gneiss (Van
der Eyk et al., 1969; Mucina and Rutherford, 2006). Average
annual rainfall (1961–1990) for Durban at 29° 58′S and 30° 57′E
was 1009 mm (South African Weather Service, 2008) with 67%
falling in summer (Tyson, 1986). Average annual daily maximum
and minimum temperatures for the same weather station were
25 °C and 17 °C respectively. The vegetation is considered a
secondary community having replaced formerly more extensive
Coastal Belt Forest (Acocks, 1953), and consists of thorn trees
and clumps of shrubs scattered in an herbaceous stratum
dominated by grasses (Edwards, 1967).
2.2. Experimental design and measurements
A plot of A. nilotica infested with C. odorata, L. camara and
M. azedarach was compared with a plot containing negligible
infestation situated approximately 500-m away on similar
topography (altitude, slope, aspect) and soil type. Both plots
had been burnt four months previously but sufficient vegetation
recovery had occurred after then to warrant measurement of the
vegetation. Both plots were 400-m2 in size and above-ground
vegetation in each plot was sampled in 1-m2 quadrats (n=14).
Each quadrat was placed randomly 1 m away from rodent traps
positioned 5 m apart along four line-transects demarcated in each
plot. Heights and canopy covers of individual plants, either rooted
in or overlapping each quadrat were recorded with a specimen of
each species collected for later identification. Canopy cover was
estimated by measuring horizontally the long (L) and short (W)
axes of leaf cover of each plant occurring within the vertical
boundaries of each quadrat and then applying the formula πLW/4
to calculate a canopy area (Yeaton and Esler, 1990).
2.3. Plant functional types
Plant species were classified into one of four PFTs based on
their taxonomic descriptions and current nomenclature (Table 1).
Two PFTs were designated as woody plants and comprised both
trees and shrubs with a distinction made between those of alien
and native origin (Germishuizen and Meyer, 2003). All
herbaceous plants were native to southern Africa and here a
distinction was made between grasses that grow and reproduce
from tillers (Wolfson and Tainton, 1999), and herbs that rely on
corms, bulbs, persistent subterranean rhizomes or seeds for their
regeneration (Lawrence, 1955). In addition to the three alien
woody species, eight herb species, and six species each of native
woody plants and grasses were sampled in this study (Table 1).
2.4. Statistical analyses
Heights of individuals in each PFT were log10-transformed,
data pooled for each plot, and compared between plots using a
one-way ANOVA (Zar, 1996). Canopy covers (log10-trans-
formed) and species richness were totalled within PFTs for each
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used to test for compositional differences in canopy covers and
species richness between plots. Two-tailed t-tests for independent
samples (Zar, 1996) were then used to compare the mean canopy
covers and species richness of each PFT between plots.Fig. 2. Group centroids and 95% confidence limits of the discriminant function
(DF) scores of PFT canopy covers and species richness measured in an
uninvaded and alien-invaded plot of Acacia nilotica savanna.3. Results
Mean heights within each native PFT did not differ between
the uninvaded and invaded plots (Fig. 1). However, the mean
height of alien woody plants in the invaded plot exceeded that
of the native grasses while that of the native woody PFT did not,
because its variation in height was lower compared to that found
in the uninvaded plot (Fig. 1).
Discriminant analyses showed significant differences in the
composition of PFT canopy covers (Eigen value=2.6, χ2=30.9,
df=4, Pb0.001) and species richness (Eigen value=1.9,
χ2=25.6, df=4, Pb0.001) between plots. Group centroids of
each parameter differed by 3.0 and 2.8 standard deviations
respectively between plots (Fig. 2). The alien woody PFT was
most highly correlated with variations in both canopy covers
(0.85) and species richness (0.81) of PFTs between plots. Native
woody plants had the smallest correlations (b0.1) while those of
grasses and herbs ranged from 0.3 to 0.5. In contrast to the
insignificant differences found in the canopy covers and species
richness of nativewoody plants between plots, alienwoody plants
increased significantly the canopy cover in the woody stratum of
the invaded plot by 14% (Table 2). Accompanying this increase in
alien PFT cover were significant decreases in native herb cover by
96% and native grass cover by 78% (Table 2). In addition, one
herb species and one grass species were absent from the invaded
plot compared to the uninvaded plot (Table 2).Fig. 1. Detransformed log10 means and 95% confidence limits of PFT heights
measured in an uninvaded and alien-invaded plot of Acacia nilotica savanna.4. Discussion
The primary purpose of the PFT has been to aid in
predictions of the effects of global climate change on ecosystem
structure and functioning (Smith et al., 1997). However, the use
of the PFT as a biological unit to measure vegetation change in
African savannas (Scholes et al., 1997) may be applied equally
in determining the impact of woody invaders on native plant
species richness (Mason et al., 2009). Using one alien PFT and
three native PFTs, my study found significant differences in the
physiognomy, composition and species richness of vegetation
between two plots of A. nilotica savanna contrasting in alien
woody plant invasion.
Differences in physiognomy between plots were evident in the
vertical stratification of native and alien woody plants. While the
uninvaded plot showed clear vertical stratification among native
PFTs, the woody stratum of the invaded plot was dominated by
alien woody plants with native woody plants confined to a zone
transitional between native grasses and the alien PFT. Compo-
sitional differences between plots were highly correlated with the
increase in the canopy cover of the alien PFT and to a lesser extent
by reductions in the canopy covers of native herbs and grasses. InTable 2
Means and standard errors, and statistics (two-tailed t-tests) of differences in the
canopy covers and species richness of PFTs measured in an uninvaded and
alien-invaded plot of Acacia nilotica savanna.
Parameter PFT Plot mean±SE Statistic
Uninvaded Invaded t df P
Canopy cover
(%)
Alien woody 0.01±0.006 14±3.6 7.03 26 b0.001
Native herb 1.9±0.45 0.1±0.01 3.67 20 a b0.003
Native grass 21±5.2 5±1.2 2.50 14 a b0.03
Native woody 0.3±0.08 0.4±0.08 0.20 26 N.S.
Species richness
(no. m−2)
Alien woody 0.1±0.07 1.2 ± 0.19 5.71 17 a b0.001
Native herb 1.7±0.24 0.6±0.20 3.61 26 b0.002
Native grass 2.6±0.14 1.6±0.23 3.76 26 b0.002
Native woody 0.5±0.14 0.6±0.20 0.589 26 N.S.
a Equal variance not assumed based on Levene's test of equality of variances. N.
S.=not significant.
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invaded plot accompanying a 14% increase in alien PFT cover is
consistent with reductions in the species richness of native PFTs
observed in other savanna and vegetation types where covers of
woody invaders exceed 17% (Mason et al., 2009).
The findings of this study suggest that PFTs can rapidly
measure small-scale, spatial differences in the physiognomy,
composition and species richness of A. nilotica savanna when
invaded by alien woody plants. However, in order to test the
efficacy of the PFT in measuring the impacts of alien woody
plants on this and other savannas in South Africa (Mucina and
Rutherford, 2006), more paired plots of contrasting alien invasion
need to be sampled (e.g. Hejda et al., 2009). Finally, grouping
savanna plants into PFTs based on their morphological traits
alone (Scholes et al., 1997) might provide a convenient and rapid
method of quantifying vegetation structure when investigating its
relationship with assemblages of organisms at higher trophic
levels. In this respect, when studying the influence of vegetation
structure on small mammal diversity, it may be more appropriate
to measure the heights and covers of the PFTs rather than the
abundances of their individual species (e.g. Kryštufek et al., 2007)
but this approach needs further study.
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